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New SAW-Convolver Demodulation Technique
Using Costas—Loop Synchronization for
High-Speed Spread-Spectrum Signal

Mitsutaka Hikitg Senior Member, IEEEChisaki Takubo, and Kengo Asai

Abstract—A new synchronous-demodulation method for a uad. " TETTETEON
high-speed spread-spectrum (SS) signal, which combines a surface m@.—‘r ICh
acoustic wave convolver with a Costas—Loop circuit has been 1
proposed. From the convolver, in-phase and quadrature-phase ;.-,,, - [ QCh In |
components of the correlated signal can be directly derived. A SS signal QPSK I Ts Fs Ts"
control voltage obtained by a Costas—-Loop circuit adjusts the modulation 1-30Mbps Demod“l,,mn

SS signal

frequency and phase of a local-oscillation (LO) signal to those of
the SS signal. Thus, in the receiver, synchronization of the LO  gac. £,,=100-1000 MHZ
signal and the received signal can be carried out independently of  gtation % ! 83
the transmitter. A quadrature phase-shift keying SS signal with

7
9 Mb/s and 60 Mc/s has been successfully demodulated using this B’
method.

Index Terms—Costas—Loop synchronization, SAW convolver de-
modulation, spread-spectrum applications.

Mobile station —_—

Fig. 1. High-speed SS communications (WLAN, etc.) and block diagram of a
radio transceiver. Voltage from Costas—Loop circuit controls VC-TCXO.

ERY high-speed, i.e., 1-30 Mb/s, spread-spectrum (SS)
communications will be used in future wireless local area A schematic block diagram of a high-speed SS transceiver

networks (WLANSs) [1]-[3]. Surface acoustic wave (SAWYhat uses the proposed SAW-convolver demodulation technique
matched filters [4] and SAW covolvers [5] were investigatedith a Costas—Loop circuit is shown in Fig. 1. Received RF SS
to be used in SS communications. We have already proposighals are down converted to an IF by mixing with the first LO
the high-performance SAW convolver, which has self-tempe-O1) signal. The IF signals and the second LO (LO2) signal
ature-compensation characteristics regardless of temperatnesupplied to the SAW convolver, afidand-channel data
coefficients of delay (TCDs) of strongly piezoelectric substratesn be directly derived from the convolver via the Costas—Loop
[6]. Both binary phase-shift keying (BPSK) and quadratureircuit.
phase-shift keying (QPSK) can be used, and baseband demodn this paper, we will first briefly illustrate the SAW con-
ulation signals can be directly derived as output signals. volver. Next, we will explain the proposed demodulation

When demodulating an SS signal using a SAW convolver method using the Costas—Loop circuit. Finally, we will show
a receiver, synchronization of the local-oscillation (LO) signaxperimental results that confirm the validity of the new
and the received signal is very important. We have developetthod. In the experiments, we have successfully demodulated
a new synchronous-demodulation method for an SS signal §yQPSK-modulated SS signal, which has a high speed of
combining a SAW convolver with a Costas—Loop [7] circuit9 Mb/s, and a wide SS of 60 Mc/s using a 13-chip Barker code
To demodulate a QPSK-modulated SS signal [8], an in-phg4®] as the spreading code.
component, i.egos#, and a quadrature-phase component, i.e.,
sin €, from the convolver are added, subtracted, and multiplied |l. FUNDAMENTAL STRUCTURE OFSAW CONVOLVER
mutually, which producessan 46 signal. Thissin 46 signal con-
trols a voltage-controlled temperature-compensated crystal gs
cillator (VC-TCXO) via a feedback mechanism to forde 46
to zero. This is because the VC-TCXO provides the standaf
signal that determines the frequency of the LO signal by a pha
locked-loop (PLL) circuit [9]. Thus, zero means that the L
signal and the received SS signal are synchronized.

. INTRODUCTION

The most important problem in SAW delay lines for SS com-
munications is due to the TCD of the SAW. Changes in SAW
locity cause phase differences between early and late chips
within a single SS symbol. Thus, we invented a new tempera-
Ure-compensated SAW delay line. The fundamental structure
of the SAW convolver using these SAW delay lines is shown
in Fig. 2 [6]. Three SAW delay lines with = 1, 2, and3

are used. The upper and lower delay lines are mutually out of
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4 & addition Fig. 3. Measurement system for SAW convolver using cheating method. SG

is used to generate the SS signal in the transmitter and to provide the LO signal
Fig. 2. Fundamental structure of temperature-compensated SAW convolt@feceiver.
and waveforms of demodulated data.

pemm < Transmitter > ouad <Receiver >
uaa.
to compensate for temperature characteristics, electrical lend |Function | | Function * In
between the inter-digital transducers (IDTs) are equal for § [Ctr™r| |®t&" ol
three delay lines. SS signals and LO2 signals from the outy vy o] signal In: cos®
IDTs are mixed, which provides mixer-output signals with Mod. [—|- | ™ Costas
. . @ LO2 SAW

frequency of fir — fLoz2, as shown in Fig. 2. When the LO Yy signal  |convolver] -!Joolft

. . . . " . P CIrcul
signal is completely synchronized with the receiver SS sign 1‘(42‘;“~ i | d.'_ -
i.e., fLoz = fr, output signals from the mixers have no caf[se sireult Quad.: sin
rier-frequency component, which means that the baseband ﬁg’, i .

. . . . . . A 1 sind 6

nals, i.e.,/(z) andQ(z), can be directly derived from the mixers L LPE |

as shown in Fig. 2.
The in-phase components from the mixer, i) and Fig. 4. Measurement system for SAW convolver using Costas—Loop circuit.

the quadrature-phase components, Qi")’ are weighted by Synchronous LO signal is generated independently of the transmitter.

+1 or —1 in reverse order to thé- and QJ-channel spreading ) ) )

codes by using switches. Due to the programmable switchH€ convolver, i.e.J1i, QQi andllg, QQg, correspond to the

the SAW convolver can be used for arbitrary spreading codds.2nd@-channel data, respectively.

After weighting, all output signals for each channel are addelg, Costas—

which provides the correlated output signals, ild:, QQ: and Loop Circuit Method for Synchronization

IIq, QQq. The receiver and transmitter are to operate independently in
actual communications. Without synchronization, the frequen-

IIl. D EMODULATION OF QPSK-SS &NAL USING SAW cies of the received SS signal and the receiver LO signal will
CONVOLVER be different to each other. In this condition the SAW convolver

cannot provide correct data.

We have proposed a new synchronous-detection method to

A schematic block diagram of the measurement system @émodulate an SS signal by combining the SAW convolver with
the cheating method is shown in Fig. 3. In a transmitter, a cotire Costas—Loop circuit. A schematic block diagram of the mea-
tinuous wave (CW) signal is generated from a signal genedrement system using a Costas—Loop circuit [7] is shown in
ator (SG). As precisely explained in a later experiment, abadkig. 4. In the experiments, an SS signal generated from an in-
350 MHz is used in this case, and for simplicity, the down comlependent transmitter is supplied to the convolver of the re-
verter of Fig. 1 is not used in the receiver. Therefore, 350 MH=iver via a cable. To generate the QPSK-SS signal in the trans-
corresponds tgr o2 of Fig. 1. As shown in Fig. 3, the CW signalmitter, we can use the same orthogonal modulators as used in
is divided into two paths within the transmitter. One path godke cheating method. About 350 MHz is also used in this case
to the orthogonal modulators, which produce a QPSK-SS sigaid, for simplicity, the down converter is not used in the re-
using two baseband function generators that providd tfaed ceiver. Therefore, 350 MHz also correspondgitg. of Fig. 1.
@-channel spreading codes and also the data. The other paffitie LO2 signal from the VCO, which is locked to a VC-TCXO
directly connected to the receiver via a cable, which provides thsing a phase-locked loop (PLL) circuit, is also supplied to the
LO signal to the SAW convolver, as shown in Fig. 3. In generatpnvolver of the receiver, as shown in the figure.
this kind of synchronization could be called a cheating method.From the convolver, we can obtain the in-phase and quadra-
The transmitter and receiver are ideally locked. The synchriote-phase components 6f and @-channel data by using the
nization of the phase between the LO and receiver SS signplsase of LO2 signal as a standard. However, in order to deter-
can be also established by tuning a phase shifter betweenttiiae real/- and@-channel data, we must adjust the frequency
transmitter and receiver of Fig. 3. Thus, the output signals froamd phase of the LO2 signal to the received SS signal. The

A. Cheating Method for Synchronization
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Fig. 5. Costas—Loop circuit. Control voltage to VC-TCXO is obtained from

sin 46 after low-pass filtering. (I;fP sl:n%t.p“t
| o o o = = = o = = = = = = = = = = = -
to SAW convolver ) . ) . .
. Fig. 7. Constellation diagram with Costas—Loop circuioMoFF states, and
(LO2 signal) - i i
._% waveforms for each section within Costas—Loop circuit.

trolled oscillator (VCO) via a loop filter, a kind of low-pass
filter. This feedback process makes the frequency and the phase
Phase Loop of the VCO lock to the VC-TCXO.
— (352 |- ) . -
N _.c(‘z"s"k";l';;‘t" filter MHz) The signal waveforms for each section within the
: Costas—Loop circuitare shown in Fig. 7. When the Costas—Loop
is OFF, 6 is not fixed, thus, real demodulation data cannot be

—1 N P vCO

VC-TCX0(12.8 MH=7ppm/V) obtained, as shown in the upper left-hand-side figure. When the
L Costas—Loop isN, each section within the circuit has a voltage
Frequency control related to the value o, as shown in the lower part of Fig. 7.
voltage (sind 6) For example, whem /4 < 6 < =/2, sin § becomes negative,

Fig. 6. PLL circuit. Frequency and phase of the VCO are adjusted to thosetQPS' a negatlve, CO!‘]tI‘Ol VOItage IS gpphed to the, VC-TCXO
the VC-TCXO. after low-pass filtering, as shown in the lower figure. Due

to this control voltage, the frequency of the VC-TCXO will

Costas—Loop circuit using in-phase component (In) and quadp&\_crease, ”’_“*'m_‘” =0, i.e..6 = /2, as shown n ‘h? upper

ture-phase component (Quad.), ies 6 andsin 6, respectively, rlght—hand—5|de f|gur_e. Thqs, complete schhronlzat|on of the

is shown in Fig. 5, wheré is defined by = tan—! (In/Quad.), LO2 signal and received signal can be achieved.

as shown in an upper right-hand-side constellation diagram of

Fig. 4. In the case of QPSK-SS communications, the operationg EXPERIMENTAL VERIFICATION FORNEW DEMODULATION

4 x (cos@ + sinf) x (cos@ — sin ) x cos @ x sin f = sin 46 TECHNIQUE

is conducted by an add circuit, a subtract circuit, and mixers. i )

As shown in Fig. 5cosf andsind are supplied to Mix(1), A. Theoretical Estimates

Adder and Subtractor, which produga 26, cos 6 + sin €, and First, we calculated the waveforms of the correlated output

cos @ — sin @, respectively. Thereforesos 28, the multiple of from the SAW convolver, as shown in Fig. 8. We used a 13-chip

(cos 8+sin #), and(cos 8 —sin #), can be obtained from Mix(2). Barker code [10] as the spreading code for hbthnd-chan-

Thus,sin 46 can be obtained from Mix(3) by multiplyingn 26  nels. We simulated the transmittéd and -channel data se-

andcos 20. The control voltage for the VC-TCXO can be dequences, whichwergl —1—1+1,...and+1+1-1-1,...,

rived fromsin 46 after low-pass filtering, as shown in Fig. 4.respectively. In the case of the cheating method, the positions in

This voltage controls the frequency of the VC-TCXO so that constellation diagram, i.e., (a)—(d), and the estimated output

sin 48 becomes zero. This is because the VC-TCXO providegaveforms are shown in the left-hand-side part of Fig. 8. Due

the standard signal that sets the frequency of the LO2 signaltbythe phase relatiofh = = /4, the demodulated in-phase and

using the PLL circuit. quadrature-phase components, i.e., In and Quad., are identical
A PLL circuit [9] used in the later experiment is shown irto the respective transmitted data sequences.

Fig. 6. We used a VC-TCXO with the controlled-frequency When using the Costas—Loop circuit, due to the phase relation

range of 12.8 MHz+7 ppm/V. The output signals from theé = = /2, as shown in the constellation diagram, the demodu-

VC-TCXO and the VCO are supplied to frequency dividerkated In and Quad. are estimated(as- 1 0 + 1,... and+1

with M = 512 and N = 14080, respectively. Two signals 0 —1 0, .. ., respectively as shown in the right-hand-side part of

from the frequency dividers are applied to a phase comparateig. 8. Reall- and(}-channel data can be obtained from the op-

which produces a voltage corresponding to the phase differemeations (I4- Quad.) and-(In — Quad.),i.e.+1—-1—-1+1,...

between two signals. The voltage from the phase comparatoaigl+1+1—1—1,..., respectively. These are the same as the

applied to the frequency-control terminal of the voltage-cotransmitted data, as shown in the lower part of Fig. 8.
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Fig. 11. Demodulated waveforms from SAW convolver using Costas—Loop

Fig. 8. Constellation diagram and estimated waveforms from SAW convolvegchronizationZ - and()-channel data can be obtained from operationsKIn
Comparison between cheating method and Costas—Loop circuit method. Quad.) and—(In — Quad.), respectively.

13chip Baker code [} (2-channel data cannot be obtained from the convolver, as shown
------- in Fig. 10.
In(=I-Ch.): Demodulated waveforms from the SAW convolver with the
+14+1-1-1+1... ' Costas—Loop circuit iroN state are shown in Fig. 11. In this
(4.5Mbps) [ IR e T e case, In and Quad., i.,— 10+ 1,... and+1 0 — 10,...,
i i respectively, have been successfully demodulated. These are the
‘?,“f{‘;‘i?.‘f_‘?": A M N D LT same as the numerical estimates (Fig. 8). From the operations
(4.5Mbps) - i } - + (In + Quad.) and-(In — Quad.) respectively,- and@-channel
: : dataidentical to those shown in Fig. 9 can also be obtained. Each
Data rate: 9.0Mbps S00ns/div. of the- and@-channels provides 4.5 Mb/s. The symbol length

Chip rate: 60Meps is 0.22 us and the chip length is 0.0166. Therefore, it has

Fig. 9. Demodulated waveforms using the cheating method, as shownhﬁen Shqwn that the SAW ConVOh{er can be _used to demodulate
Fig. 3. 9 Mb/s with a 60-Mc/s QPSK-SS signal by using a synchronous-
detection method based on the Costas—Loop circuit.

13chip

Baker code ! i b
...

Cope o

V. CONCLUSION

—F

In this paper, we have proposed a new synchronous-detection
method for demodulation of an SS signal using a SAW con-
o volver combined with a Costas—Loop circuit. In the receiver,

-8 synchronization of the LO signal and the received SS signal can
be established independently of the transmitter. Basic experi-
] ments with 9 Mb/s and 60 Mc/s show that this method will be
] very useful for the demodulation of SS signals used in future

high-speed SS communications.

500ns/div.
REFERENCES
[1] A. Kamerman, “Spread-spectrum techniques drive WLAN perfor-

Fig. 10. Output waveforms from SAW convolver with Costas—Loop circuit in
OFF state.

mance,”Microwave RE pp. 109-114, 1996.
[2] S. J. Gizinski and J. C. Cardoso, “High data rate wireless communica-
tions,” Microwave J, pp. 103-122, 1996.
Part Il: Wireless LAN Media Access Control (MAC) and Physical Layer
(PHY) Specifications: High-Speed Physical Layer Extension in the 2.4
GHz Band IEEE Standard 802.11b, Sept. 11, 1999.
H. Ishikawa, H. Shinonaga, and H. Kobayashi, “Carrier frequency
offset-spread spectrum (CFO-SS) method for wireless LAN system
using 2.4 GHz ISM band,TEICE Trans. Fundamentals/ol. E80-A,
pp. 2366-2371, 1997.
K. Tsubouchi, H. Nakase, A. Namba, and K. Masu, “Full duplex
transmission operation of a 2.45-GHz asynchronous spread spectrum
modem using a SAW-convolver/EEE Trans. Ultrason., Ferroelect.,
Freq. Contr, vol. 40, pp. 478-482, Sept. 1993.
M. Hikita, C. Takubo, and K. Asai, “New high performance SAW co-
volvers used in high bit rate and wideband spread spectrum CDMA com-
munications system[EEE Trans. Ultrason., Ferroelect., Freq. Contr.
vol. 47, pp. 233-241, Jan. 2000.

B. Experimental Results

The experimental results using the methods explained in Sec[—3]

tion Il will be presented. The waveforms of demodulation data
from the SAW convolver using the cheating method are shown[4l
in Fig. 9. The transmitted- and(-channel data sequences were
the same as those used in the theoretical estimates. Data iden-
tical with those shown in the left-hand-side part of Fig. 8 have [
been demodulated.

As a comparison, the output waveforms from the SAW con-
volver with the Costas—Loop circuit not operating are shown [
in Fig. 10. Due to the indefinite relations for both frequency
and phase between the received SS and LO2 signald,-raadl



HIKITA et al. NEW SAW-CONVOLVER DEMODULATION TECHNIQUE

[7] R. C. Dixon,Spread Spectrum SystemdNew York: Wiley, 1976.

[8] Mobile Station—Base Station Compatibility for Dual-Mode Wideban
Spread Spectrum Cellular SysteA/EIA Interim Standard 95-A,
May 1995.

[9] V. ManassewitschFrequency Synthesizer Theory and Desighlew
York: Wiley, 1976.

[10] W. W. Peterson and E. J. Weldon,Error-Correcting
Codes Cambridge, MA: MIT Press, 1972. o

Mitsutaka Hikita (M'88—SM’94) received the B.S.,
M.S., and Ph.D. degrees in electronics engineering
from Hokkaido University, Sapporo, Japan, in 1972,
1974, and 1977, respectively.

From 1972 to 1978, he was engaged in analysis
of electromagnetic-field problems, microwave
acoustics, and acoustic—optic interactions. In 1978,
he joined the Central Research Laboratory, Hitachi
Ltd., Tokyo, Japan. From 1978 to 1987, he was in-
volved with high-performance SAW filters for radio
equipment. From 1987 to 1994, he was involved
with microwave devices for space communications, SAW-resonator filters f
optical communications, and SAW duplexer for mobile communications. Fro
1994 to 1999, he was a leader of the SAW and Si-RF Technology Group.
recently become a Chief Researcher and has been engaged in RF circuit de
for cellular radios, as well as advanced applications of SAW technologies.

Dr. Hikita was the recipient of the 1990 Microwave Prize Award presente
by the IEEE Microwave Theory and Techniques Society (IEEE MTT-S), th
1991 Invention Award presented by the Invention Association of Japan, and
1993 Research Contribution Award presented by the Science and Technol
Ministry of Japan.

753

Chisaki Takubo received the B.S. and M.S. degrees
in physics from Kanazawa University, Ishikawa,
Japan, in 1988 and 1990, respectively.

In 1990, she joined the Central Research Labora-
tory, Hitachi Ltd., Tokyo, Japan. From 1990 to 1993,
she was involved with thin film for SAW devices.
Since 1994, she has been engaged in research and de-
velopment on SAW functional devices, such as con-
volvers.

Kengo Asaireceived the machine course degree from
Matsuyama Technical High School, Ehime, Japan, in
1984.

In 1984, he joined the Central Research Labora-
tory, Hitachi Ltd., Tokyo, Japan. From 1984 to 1986,
he was engaged in research and development on mag-
netic bubble memory devices. From 1987 to 1988, he
studied an electric course at the Hitachi Keihin Tech-
nical College. Since 1989, he has been engaged in
research and development on SAW devices.



	MTT023
	Return to Contents


